Introduction: To date Neonatal Diabetes Mellitus (NDM) has not been reported in Singapore. Neonatal diabetes is a rare (1 in 100,00-300,000 live births) insulin-requiring form of diabetes with well defined subgroups, permanent neonatal diabetes (PND) and transient neonatal diabetes (TND), each accounting for approximately 50% of patients. Genotyping NDM identifies the exact unique molecular aetiology of very early onset insulin requiring diabetes and has the potential to dramatically alter the management of the patient, who would otherwise be insulin dependent for life.
INtrODUCtION
Neonatal diabetes mellitus (NDM) is a rare, insulinrequiring form of diabetes characterised by the onset of diabetes in a neonate or infant below six months of age. Children with NDM have nonautoimmune diabetes mellitus caused by an abnormality in one of a number of genes. These include mutations in the genes (KcnJ11 and aBcc8) encoding the two protein subunits (Kir6.2 and SUR1, respectively) of the ATPsensitive potassium channel and in the (inS) gene encoding insulin [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . They account for 31% (KcnJ11), 12% (inS) and 10% (aBcc8) of cases in the large Exeter cohort 13 .
Unlike classical juvenile diabetes, it is possible for NDM to resolve spontaneously a condition known as transient neonatal diabetes mellitus (TND). It is also possible for some children with permanent forms of the disease, known as permanent neonatal diabetes mellitus (PND), to switch from insulin injection to oral sulphonylurea treatment. As these observations have important management implications for the child with NDM and because 
MEtHODS

Case Identification
We identified this case who presented with features suggestive of early onset diabetes. Clinical data was extracted from the case notes.
The following investigations were performedblood gases, blood/urine for ketones, C-peptide levels, and Glutamic acid Decarboxylase (GAD) and Islet Cell antibody (ICA) levels. A Continuous Glucose Monitoring System (CGMS) was used to analyse the blood glucose trends after introduction of sulphonylurea.
Mutational Analysis
Molecular genetic analysis was performed at the molecular genetics laboratory in Exeter, United Kingdom.
Informed consent was obtained from the parents.
rESULtS
The patient was identified and diagnosed as a case of neonatal diabetes mellitus. She presented at 3 and half months of age with history of fever and vomiting for 2 days. A full septic workup which included lumbar puncture, urine and blood cultures and sensitivities was done. She was noted to have a high anion gap metabolic acidosis (pH 7.24, PCO2 18, PO2 56, BE-17, HCO3 7.5), a blood glucose of 20 mmol/l, urine ketones 2+, urine sugar 4+, blood ketones 2.8mmol/l. In view of the hyperglycaemia, metabolic acidosis and ketonaemia, a diagnosis of early onset diabetic ketoacidosis was made. Treatment was started with the diabetic ketoacidosis protocol. The patient was also treated for possible sepsis.
She was started on 10% deficit replacement for dehydration with dextrose saline solution and intravenous insulin infusion 0.1units/kg/hour. The insulin infusion was reduced to 0.05units/kg/hour following a drop in the blood glucose levels to 8 mmol/L feeds were commenced 2 days later and the insulin regime was converted to subcutaneous injections of insulatard and novorapid. Her metabolic acidosis and ketonaemia, improved and her blood sugars remained stable. The blood and urine cultures were all negative; her HbA1c was 14.5%, C-peptide 0.7, Insulin 1mU/l, and GAD & ICA antibodies were negative.
A clinical diagnosis of probable neonatal diabetes was entertained and confirmed by molecular genetic testing. The patient was diagnosed as heterozygous for a missense mutation R201H, in the KcnJ11 gene. Results confirmed a diagnosis of permanent neonatal diabetes due to a mutation in the Kir6.2 subunit of the KATP channel. Both of her parents were tested for the mutation, and were negative. It is therefore likely that the R201H mutation has arisen de novo. The possibility of having another affected child cannot be excluded.
She was discharged with subcutaneous insulatard injections at a dose of 2.5 units 3 times a day (8 am, 4 pm, 12 midnight), with instructions to add Novorapid 0.5 units if the blood glucose was more than 18 mmols/L. After 6 weeks of discharge she was admitted for initiation of sulphonylurea therapy and CGMS monitoring. The insulatard was switched to twice daily dosing (2.5 units) and glibenclamide was started at 0.2mg/kg/day twice a day, given at 6:00-8:00 am and 6:00-8:00 pm. Within one month of initiation of glibenclamide therapy her insulatard was weaned off. Currently she is 2 and half year's old and is on twice daily glibenclamide (dose of 0.12mg/kg/day) with good glycaemic control. Transfer to sulphonylurea therapy had been successful for all patients with this mutation and hence, sulphonylurea therapy was introduced successfully and she is no longer insulin dependent 13 . Fig. 1 shows the CGMS trends over 3 days after introduction of sulphonylurea and Fig. 2 shows the trend for HbA1c and C-peptide.
DISCUSSION
This is the first case report of neonatal diabetes in Singapore. It demonstrates the successful conversion of a child with permanent neonatal diabetes from insulin to sulphonylurea therapy with optimal blood glucose control. The outcome illustrates the importance of diagnosing neonatal diabetes correctly as it has implications for future treatment and prognosis.
This case of neonatal diabetes with the R201H mutation, in the KcnJ11 gene represents the most common permanent neonatal diabetes causing mutation. Activating mutations in the Kir6. Graph shows the trends of HbA1c and C-peptide, and the points of introduction of glibenclamide and taking off insulin treatment completely. HbA1c has been maintained at 6% on glibenclamide therapy and the C-peptide levels have progressively increased.
Proceedings of Singapore Healthcare  Volume 19  Number 2  2010 encoding gene (KcnJ11) have been identified in both transient and permanent neonatal diabetes mellitus 14 . These mutations are familial or more often sporadic in nature. Under physiological conditions KATP channel closure is a central step in glucose-stimulated insulin release. KcnJ11-activating mutations result in reduced channel sensitivity to ATP, in the presence of glucose. This favours an open channel state and membrane hyperpolarisation, translating into impaired insulin release and neonatal diabetes mellitus seen in the absence of β-cell auto-antibodies 14 .
KcnJ11-activating mutations, such as the R201H polymorphism which is the most common permanent neonatal diabetes mellitus-causing mutation, results in ATP-insensitive channels that respond to sulfonylurea with channel closure and insulin release 14 . These drugs stimulate insulin secretion by binding to, and closing the KATP channels. Sulphonylureas bypass beta-cell metabolism but subsequently stimulate the same chain of events as glucose. This ability to successfully inhibit KATP channel activity by an ATP-independent mechanism, and thus bypass nucleotide-dependent channel gating, forms the basis for the clinical application of these drugs in patients with neonatal diabetes. Recently, the efficacy of therapeutic amendment from insulin to sulfonylurea-based treatment was assessed in cases of neonates with diabetes owing to Kir6.2 mutations 15 . Ninety per cent of subjects had a successful therapeutic response to an oral sulfonylurea, such as glyburide. These patients usually have minimal, if any, detectable circulating insulin levels and require exogenous insulin to prevent hyperglycaemia and ketoacidosis. Sulfonylurea was not only effective in achieving an acceptable level of glycated haemoglobin, a parameter used to assess glycaemic control, but they also sustained the euglycemic response in patients with Kir6.2 mutations. Other studies have also independently established the success of sulfonylureas in achieving a clinical response in patients with diabetes due to Kir6.2 mutations affecting the ATP sensitivity of the channel 16, 17 .
The clinical application of these drugs in patients with neonatal diabetes due to mutations affecting the ATP sensitivity of the channel is reflected in this case. After initial diagnosis, the patient was started on insulin and the dose was rapidly weaned with successful introduction of glibenclamide. Good glycaemic control was achieved on glibenclamide as illustrated by the HbA1c trends in Fig. 2 . Oral sulfonylurea treatment thus forms an attractive alternative to lifelong exogenous injections of insulin in these patients.
CONCLUSION
This recent advance in the field of neonatal diabetes illustrates how the molecular understanding of some monogenic forms of diabetes may lead to an unexpected change of treatment in children. This is a spectacular example of a pharmacogenomic approach improving the quality of life of our young patients. The challenge ahead is to identify these cases early, so as to facilitate accurate diagnosis and tailor therapy accordingly. We emphasise the need for medical practioners to consider molecular testing for all patients who present with diabetes below 6 months of age as this will facilitate accurate diagnosis and appropriate therapy.
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